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Neutral-current (NC) and charged-current (CC) deep inelastic scattering (DIS) reactions have
been studied in e+p and e−p collisions using the H1 and ZEUS detectors at HERA I. Following
the upgrade of the HERA accelerator, the HERA II program recently started with the first
data in e+p scattering with longitudinally polarised positrons. In this paper, a summary of the
electroweak results from HERA I and the first measurement of the cross section for e+p CC
DIS at a longitudinal polarisation value of 33% from the ZEUS collaboration are presented.
1 HERA I
At HERA1, a proton beam of 920 GeVa collides with an electron or positronb beam of 27.5 GeV.
The electron-proton (ep) interactions proceed via γ and Z0- exchange in the neutral current
(NC) reaction, or via W± exchange in the charged current (CC) interaction. The description
of events is usually given in terms of the ep center of mass energy squared, s, and two out of
three Lorentz invariant quantities, Q2: the absolute value of the invariant mass squared of the
exchanged particle, x: the fraction of the proton momentum carried by the struck quark, and
y; the fractional energy transferred to the proton in its rest frame. These variables are related
through Q2 = sxy, if the masses of the electron and the proton are neglected.
aUntil 1998, the energy of the proton beams were 820 GeV.
bIn the following, for simplicity we will denote as electron the charged lepton, independent of whether it is an
e+ or an e−, unless otherwise stated.
1.1 Neutral current
The double differential NC cross section for the reaction ep→ eX with longitudinally unpolarised
electron is given by
d2σNCBorn(e
±p)
dxdQ2
=
2piα2
xQ4
[
Y+F
NC
2 (x,Q
2)∓ Y−xFNC3 (x,Q2)
]
, (1)
where α denotes the fine-structure constant and Y± = 1 ± (1 − y)2. The contribution of the
longitudinal structure function was neglected. The structure function FNC2 can be divided into
three terms, due to electromagnetic interactions, to the interference between the photon and Z0
exchange, and pure Z0 exchange 2, such that
FNC2 ≡ Fem2 − ve
κQ2
Q2 +M2
Z0
F
γZ0
2
+ (v2e + a
2
e)
(
κQ2
Q2 +M2
Z0
)2
FZ
0
2 , (2)
where κ ≡ 4M
2
W
M2
Z0
(1 − M
2
W
M2
Z0
), MW (M
0
Z) is the W
± (Z0) boson mass, and ve and ae are the NC
couplings of the Z0 to the electron. The couplings of the quarks are contained in the respective
FNC2 structure functions (F
em
2 ,F
γZ0
2 and F
Z0
2 ).
The parity violating structure function, xFNC3 , contains two terms: one due to the interfer-
ence between photon and Z0 exchange amplitudes and a term due to pure Z0 exchange,
xFNC3 ≡ −ae
κQ2
Q2 +M2
Z0
xF
γZ0
3
+ 2veae
(
κQ2
Q2 +M2
Z0
)2
xFZ
0
3 . (3)
When Q
2
M2
Z0
≪ 1, the NC process is dominated by photon exchange. When Q2 becomes of
the order of M2
Z0
, the contribution from the interference and pure Z0 exchange is non-negligible.
Fig. 1 , shows the NC cross section as a function of Q2 for e+p and e−p scattering as measured
by the ZEUS3 and H14 experiments. The NC cross section for e+p is equal to that of e−p at low
Q2 because in this kinematic region the electromagnetic interaction dominates. The structure
function xFNC3 has a negative contribution to the cross section in case of e
+p and a positive
one in case of e−p. This can be observed in eq. 1, where at high Q2 the difference between the
e+p and e−p NC cross section becomes noticeable. Measurements by H1 and ZEUS are in a
good agreement with expectations of the Standard Model (SM), calculated with the CTEQ6D5
parameterisation of parton distribution functions (PDFs) in the proton.
The measurements of F em2 at HERA I are shown in Fig. 2, where the values of F
em
2 are plotted
as a function of Q2 for fixed values of x. Strong scaling violations are observed, especially at
low values of x. This is the manifestation of the presence of a large gluon density in the proton.
The observed scaling violations are well reproduced by the DGLAP6 evolution of perturbative
QCD.
The structure function xFNC3 can be determined from the difference of e
±p cross sections,
xF3 =
xQ4
4piα2Y−
[
d2σ(e−p)
dxdQ2
− d
2σ(e+p)
dxdQ2
]
. (4)
The xFNC3 extracted at HERA I
7, 8 is shown in Fig. 3, as a function of x for different
Q2 bins. Within uncertainties, the measured xFNC3 is in agreement with expectations obtained
using the CTEQ6D PDFs.
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Figure 1: The NC cross section versus Q2 for e+p and
e−p interactions as measured by the H1 and ZEUS ex-
periments.
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Figure 2: The structure function F em2 versus Q
2 at fixed
values of x compared to a fit based on DGLAP evolution
equations.
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Figure 3: The structure function xF3 versus x at different values of Q
2 as obtained by the H1 and ZEUS
experiments.
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Figure 4: The CC cross section for e+p and e−p interac-
tions versus Q2.
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Figure 5: The NC and CC cross sections for e+p and e−p
interactions versus Q2.
1.2 Charged current
The cross sections for CC deep inelastic scattering with longitudinally unpolarised leptons on
protons, e−p→ νeX and e+p→ ν¯eX, are given by
d2σCCBorn(e
+p)
dxdQ2
=
G2µ
2pi
(
M2W
Q2 +M2W
)2
·
[
(u¯+ c¯) + (1− y)2(d+ s)
]
, (5)
d2σCCBorn(e
−p)
dxdQ2
=
G2µ
2pi
(
M2W
Q2 +M2W
)2
·
[
(u+ c) + (1− y)2(d¯+ s¯)
]
, (6)
where Gµ is the Fermi coupling constant and MW is the W boson mass. The third quarks
generation was neglected in eq. (5) and in eq. (6). At high x values, one can safely ignore
the sea quarks and assume that the proton is dominated by the valence quarks. Under this
assumption, the e+p CC cross section is proportional to (1 − y)2d, while the e−p CC cross
section is proportional to u. Since the u quark dominates in the proton, the e−p CC cross
section is higher than the e+p CC cross section. This is shown in Fig. 4, where the e+p and e−p
CC cross section is plotted as a function of Q2. A good agreement between the two experiments,
H1 and ZEUS, is observed and the measured values are well reproduced by the SM calculations
based on the CTEQ6D PDFs.
1.3 EW unification
A comparison of NC and CC e±p cross sections as a function of Q2 is shown in Fig. 5. Around
Q2 ∼ 104 GeV2, the CC and NC cross sections become equal. Since the NC cross section is
dominated by electromagnetic component this equality can be intepreted as a manifestation of
electroweak unification.
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Figure 6: A schematic picture of HERA II after the upgrade.
2 HERA II
2.1 HERA II upgrade
In order to study in detail the properties of deep inelastic scattering at high Q2, the HERA
accelerator was upgraded to deliver a five fold increase in luminosity and longitudinally polarised
lepton beams c. To meet the challenge, the H1 and the ZEUS detectors were upgraded: a
new inner silicon vertex detector was installed at ZEUS to increase the efficiency of the vertex
reconstruction; an extension of the inner silicon detectors in H1 was done; new forward tracking
detectors were installed in both H1 and ZEUS detectors; luminosity detectors were modified in
H1 and ZEUS; a new track trigger was added in H1 9.
In order to measure the polarisation at HERA II, two independent polarimeters are in
use based on different measurement methods, the longitudinal polarimeter (LPOL) and the
transverse polarimeter (TPOL). The LPOL is located near the HERMES experiment and was
in use during the HERA I run period. The TPOL was upgraded and is to be used in the HERA
II run period. In addition, spin rotators were installed so that both H1 and ZEUS have now
access to longitudinally polarised e± beams. The location of the polarimeters and the spin
rotators is shown in Fig. 6.
2.2 Charged current and polarisation
The Standard Model predicts that the charged current cross section for collisions of polarised
electrons with protons is proportional to 1 ± P , where P is the longitudinal polarisation of
electrons. In other words, the SM predicts that the CC cross section for fully right-handed
electrons (left-handed positrons) with colliding protons is zero.
The first measurement of e+p CC cross section with P = 33 ± 2% and with integrated
luminosity of 6.6 pb−1, has been made by the ZEUS collaboration. The total CC cross section
was measured for Q2 > 400 GeV2, and shows a significant rise of the cross section relative to
the unpolarised case from HERA I, as can be seen in Fig. 7. In the lower part of Fig. 7, the
ratio of polarised to unpolarised cross section is shown. The increase of the cross section is well
reproduced by the SM expectations.
cHERA I had provided longitudinal polarised lepton beam to the fixed target experiment, HERMES.
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Figure 7: Upper:the total CC DIS cross section for e+p scattering plotted as a function of the polarisation of
the incoming lepton beam, P. Lower: the ratio of the polarised to unpolarised cross section as a function of the
polarisation.
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